Abstract-This paper presents a data-driven neuroendocrine-PID controller for underactuated systems. Safe Experimentation Dynamics (SED) is employed to find the optimum neuroendocrine-PID parameters such that the control tracking performance and input energy are minimized. The advantage of the proposed approach is that it can generate fast neuroendocrine-PID parameter tuning by measuring the input and output data of the system without using the plant mathematical model. Moreover, the combination of neuroendocrine structure with PID has a great potential in improving the control performance as compared to the PID controller. An underactuated container crane model is considered to validate the proposed data-driven design. In addition, the performance of the proposed method is investigated in terms of the trolley position, hoist rope length and sway angle trajectory tracking. The simulation results show that the datadriven neuroendocrine-PID approach provides better control performance as compared to the PID controller.
I. INTRODUCTION
An underactuated system is a plant which has less control actuators than output to be controlled [1] . Nowadays, many underactuated systems are widely applied in various engineering applications such as spacecraft, underwater vehicle, surface vessel, mobile robot, space robot, slosh system, container crane, etc.
So far, a large number of control methods has been widely reported in order to handle the underactuated systems. These controllers were designed to deal with the underactuated systems to achieve optimal control in terms of tracking the system trajectories. For example, the famous robust controllers such as the sliding mode control have been reported to control container crane [2] , [3] . In addition, others popular controller for underactuated systems are PID [4] , fuzzy logic [5] , neural network [6] , etc.
Most of the aforementioned designed approaches focused on the model-based controllers which are derived from first principles or system identifications [7] . However, it is difficult to apply the traditional model-based controller in the actual underactuated system. This due to several reasons, such as, the inaccuracy of simplified model, un-modelled dynamic problems, and huge gap between control theory and real applications. Therefore, a data-driven control scheme will be the more convincing to solve this problem. In particular, the data-driven control is designed based on input and output data of the systems without using any information about the plants model [7] .
Here, the data-driven control based on ProportionalIntegral-Derivative PID structure is highly preferred due to its simplicity in the design and implementation [8] [9] . However, this PID controller structure may contribute less control performances, especially in complex and non-linear systems. So, there are many efforts to improve this PID controller structure to obtain better control performance such as variable structure PID [10] [11], fractional-order PID [12] [13], neuralnetwork PID [14] , [15] , fuzzy PID [16] , [17] and sigmoid PID [18] , [19] .
Among various advanced PID controller structures, the natural creatures, especially the system in human body, provide a good control performance in the control system. Recently, bio-inspired PID controller, which is neuroendocrine-PID widely reported and provide high efficiency and better control performance compared to PID controller [20] [21] [22] . The neuroendocrine-PID controller has been designed based on hormone regulation system modelled by [23] . This controller has a great potential to improve the performance of the control system. However, most of the reported bio-inspired such as endocrine controller has been widely applied to a Single Input Single Output (SISO) systems [20] , [21] with linear system. However, there are few applications of these algorithms to Multi Input Multi Output (MIMO) systems in non-linear underactuated systems. This paper aims to explore the capability of the data driven neuroendocrine-PID controller for tracking of MIMO and underactuated plant. The neuroendocrine-PID parameters are 2018 IEEE 14th International Colloquium on Signal Processing & its Applications (CSPA 2018), 9 -10 March 2018, Penang, Malaysia 978-1-5386-0389-5/18/$31.00 ©2018 IEEEdetermined based on the SED tuning method of improving the control performances. Here, the comparative assessment between the proposed neuroendocrine-PID and PID controller performances is presented.
The organization of this research paper is presented as follows. In Section II, the problem of data-driven neuroendocrine-PID in minimizing the error of the underactuated system. In Section III, the methodology of the SED-based algorithm [24] , which is used for neuroendocrine-PID tuning, is summarized. The proposed controller is then validated to a given underactuated container crane model in Section IV. The analysis and performance comparison between the proposed controller and control PID methods are also demonstrated. Finally, the conclusion of this paper is presented in Section V.
II. PROBLEM STATEMENT Consider the underactuated neuroendocrine-PID control system in Fig. 1 
where ( ) ( ) ( ) , 1, 2,....., and 1, 2,.....,
Then, the neuroendocrine     , ( ) M e t f t , which is according to the hormone regulation principle [23] is defined as follows [21] [20]
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Finally, the output of the neuroendocrine-PID controller is ( ) (11) This section explains the key method to the solution of Problem 2.1. First, we briefly explain the safe experimentation dynamics (SED) algorithm or game theoretic algorithm [24] and [8] . Then, we show the implementation of the data-driven neuroendocrine-PID controller design based on the SED algorithm for minimizing the trajectory tracking error of trolley displacement, rope length and sway angle trajectory tracking for underactuated container crane.
A. Review on SED
The optimization problem is considered as
where the objective function is represented by : n f  and n p  is the design parameter. The optimal solution * n p  of optimization problem in (12) is obtain by repetitively updating the design parameter using the SED algorithm. The update law for the SED algorithm is given by 
Note that Z is a scalar that define the probability to use a new random setting for p . Variable f is used to store the current best value of the objective function. The pre-stated termination condition is based on the designated maximum number of iteration max k .
B. Data-Driven Neuroendocrine-PID controller Design
The SED algorithm in the previous section (Section III-A) is adopted for data-driven neuroendocrine-PID tuning for underactuated container crane system. For this section, neuroendocrine-PID controller design is presented, where the design parameter is expressed as:
The logarithmic scale is employed to p to accelerate the exploration of the design parameter to obtain a fast design parameter searching, a logarithmic scale is employed to each element of  by setting 10 ( 1, 2... ) Step 1:
Then, determine the maximum iteration number, max k .
Step 2: Implement the SED algorithm in section III-A for the objective function in (11).
Step 3: After reaching max k , attain the optimal output   , ( ) M e t f t in the neuroendocrine-PID control system in Fig. 1 .
IV. SIMULATION RESULT
The performance investigation of the data-driven neuroendocrine-PID controller based on SED is presented in this section.
A. Model of Underactuated Container Gantry Crane
For an underactuated container crane in gantry type has two inputs and three outputs. The trolley displacement () xt , rope length () lt , and sway angle () t  is the generalized coordinates as shown in Fig. 2 . The input variables produced by actuators is two which is trolley, The system dynamics of container crane as follows:
These parameters are identified by pilot gantry crane [3] .
. The sampling time was 0.01 second. Both initial setting for trolley displacement and the initial value of rope length were set to 1 m, whereas the target value was set to 0 for trolley displacement and 0.2 m for rope length. The initial value for sway angle of payload is zero and the target should reach zero. The neuroendocrine-PID is   Furthermore, the trolley displacement, rope length, sway angle, trolley force and hoist force responses are demonstrated in Fig. 4(a) to Fig. 4(e) , respectively. Here, all of the responses are compared with the PID controller. In these figures, the dot black line represents the reference, the thick red line represents PID controller, and the thick blue line represents the neuroendocrine-PID controller. It demonstrates that the data-driven neuroendocrine-PID achieves better output responses as compared to the PID controller. In particular, the proposed data-driven neuroendocrine-PID provides better trolley displacement, rope length and sway angle responses to the reference r(t) with smoother responses than the PID as illustrated in Fig. 4(a), Fig. 4(b) and Fig. 4(c) , respectively. This fact is also supported from Table II. Here, we can clearly see that the data-driven neuroendocrine-PID controller produces a slightly smaller value of Table II . Therefore, we can confirm that the proposed neuroendocrine-PID controller has a good potential in improving the control performance of underactuated container crane system. In this paper we present a performance investigation of data-driven neuroendocrine-PID for control MIMO underactuated output plant. This proposed controller structure method is validated on the container gantry crane model [3] . The simulation results show that the data-driven neuroendocrine-PID, which is tuned using safe experimentation dynamics (SED), yields a better control performance compare to data-driven PID controller. By adding neuroendocrine structure to PID as bio-inspired controller, it provides better control performances of tracking error and input control compare to PID.
